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Summary. A transient in vivo P element excision assay
was used to test the regulatory properties of putative
repressor-encoding plasmids in Drosophila melanogaster
embryos. The somatic expression of an unmodified trans-
posase transcription unit under the control of a heat
shock gene promoter (phsn) effectively repressed P ex-
cision in a dose-dependent manner at very low con-
centrations relative to somatically active transposase (en-
coded by the hsmA2-3 gene). Maximum repression re-
quired transcription of the complete transposase gene.
Dose-dependent repression of P excision was also ob-
served in the presence of a vector plasmid (pCarnegied)
having only the terminal sequences, including trans-
posase binding sites, of the P element. However, repres-
sion required considerably higher concentrations of
pCarnegie 4 than phsr, and elimination of P excision was
not observed.
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Introduction

The mobilization of transposable elements within the
genome of an organism can cause mutations, chro-
mosome rearrangements, altered gene expression, steril-
ity and in some cases death of the organism (see Berg and
Howe 1989). Given this potential it is reasonable that the
movement of many transposable elements is strictly reg-
ulated within the host. In this report we describe the
results of experiments designed to elucidate some of the
mechanisms responsible for controlling the mobility of
the transposable element P in Drosophila melanogaster.

P elements, when mobilized, are responsible for the
syndrome known as hybrid dysgenesis in D. melanogaster
(Kidwell et al. 1977; Rubin et al. 1982; Bingham et al.
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1982; for a review see Engels 1989). This syndrome in-
cludes gonadal dysgenesis, sterility, mutations and chro-
mosome breakage. Two features of the P element trans-
poson system indicate that the regulation of hybrid dys-
genesis 1s complex. First, hybrid dysgenic effects are
confined to the germline, and second, hybridization be-
tween certain strains, such as P strains which contain P
elements and M strains which do not, results in pro-
nounced hybrid dysgenesis only when P strain males are
crossed to M strain females. Hybrid dysgenesis is usually
not observed following the reciprocal cross (M male x P
female) nor between P strains (Kidwell et al. 1977).

The germline specificity of P element mobility results
from the cell-type specific removal of the third intron
from the primary P element transposase transcript (Laski
et al. 1986). Complete or autonomous P elements are
2.9 kb in length, containing four open reading frames essen-
tial for autonomous transposition, and three introns
(O’Hare and Rubin 1983; Karess and Rubin 1984). In
the soma only introns I and II are removed from the
primary transposase transcript resulting in the produc-
tion of a truncated, 66 kD transposase-like protein, while
in the germline all introns are spliced leading to the
production of functional (87 kD) transposase (Rio et al.
1986). Until recently the function, if any, of the 66 kD
protein was unknown.

The nonreciprocal nature of P-M hybrid dysgenesis
suggested that the regulation responsible for repression
of P mobility in P strains is inherited maternally. This
possibility was investigated by Engels (1979) who de-
scribed a repressive, maternally inherited, cellular state
associated with P strains, known as P cytotype, and a
permissive cellular state called M cytotype. Although the
precise nature of the repressor(s) responsible for P cyto-
type has not been determined, it is known that the
presence of chromosomal P elements is essential for its
establishment and maintenance (Sved 1987). Because of
the relatively small size of P elements and the presence
of only four open reading frames, it was postulated that
the repressor might result from the expression of struc-
turally altered P elements producing truncated trans-
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posase-like molecules (O’Hare and Rubin 1983; Karess
and Rubin 1984). These proteins would be incapable of
catalyzing the movement of P, but they might retain
certain functions such as the ability to bind specific DNA
sequences, leading to repression of transposition due to
competition with functional transposase (Rio et al.
1986). Recently, evidence has been reported that sup-
ports this hypothesis (Black et al. 1987; Nitasaka et al.
1987; Nitasaka and Yamazaki 1991), and specifically,
that the 66 kD protein is involved in the negative regula-
tion of P mobility (Robertson and Engels 1989; Misra
and Rio 1990).

Another type of negative regulation distinct from that
proposed for P cytotype was recognized by Simmons and
Bucholz (1985). They suggested that the weak P cytotype
observed in an M’ Birmingham subline might be due to
a titration effect caused by the binding of functional
transposase to defective P elements. Thus, less trans-
posase would be available to functional P clements,
thereby limiting their frequency of mobility.

Results presented here from transient expression P
excision assays in embryos have indicated that the somat-
ic expression of the complete transposase transcription
unit, as well as the presence of excess numbers of P
termini, both result in the repression of P element mobil-

ity.

Material and methods

Drosophila strains. The genetic symbols used to describe
the following strains are explained in Lindsley and Zimm
(1992).

Adh'™*3cn,ry®°8: This M cytotype-containing strain
has been used as a host to assess P mobility using a
transient in vivo assay (O’Brochta and Handler 1988). It
is referred to in this report as the Adh M strain.

P[ry™A2-3](99B) : This strain contains two copies of
a P element lacking the third intron and inserted at
chromosome position 99B (Laski et al. 1986; Robertson
et al. 1988; H. Robertson, personal communication).
The P element in this strain is stable yet can cause the
mobilization of other elements both in the germline and
soma at high frequencies (H. Robertson, personal com-
munication).

Plasmids. pISP-2: This P element excision indicator plas-
mid, constructed by Rio et al. (1986) to assess P trans-
posase activity in cell lines, contains a 600 bp non-
autonomous P element originally isolated from the white
locus of D. melanogaster and inserted together with 50 bp
of flanking white gene sequences into the multicloning
site of pUCS. Excision of P from pISP-2, in some cases,
restores the LacZa peptide-complementing function en-
coded by pUCS.

phsn: This plasmid contains the entire P element tran-
scription unit, including all open reading frames and
intervening sequences, under the control of the hsp70
promoter (Steller and Pirrotta 1986). It has been used as
a “helper” plasmid in D. melanogaster germline trans-
formation experiments to produce functional trans-
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Fig. 1. RNA hybridization blot of P element DNA to total RNA
extracted from uninjected 4dh M strain embryos (host), A4dh M
strain embryos injected with 500 pug/ml phsr (), or Adh M strain
embryos injected with 500 pg/ml phstA148 (A148). The indicated
plasmid DNA was injected and transiently maintained as described
for the excision assay, with RNA extracted at the end of incubation.
The number of cmbryo-equivalents of RNA loaded is listed above
each lane. RNA kilobase markers are listed on the sides. The
hybridization probe was an antisense RNA sequence complemen-
tary to the first 700 bp of the transposase transcript (see Materials
and methods for details). The arrow indicates a high molecular
weight signal due to plasmid DNA recovered in thc RNA c¢xtraction

posase in the germline (Steller and Pirrotta 1986; D.A.
(F’Brochta and A.M. Handler, unpublished results) and
is transcriptionally active under the transient expression
conditions described (Fig. 1).

pUChsnA2-3: This plasmid was constructed and
kindly provided by F. Laski (University of California,
Los Angeles). It was constructed by inserting the 4.6 kb
BamHI fragment of pCNA2-3 (Rio et al. 1986) into the
BamHI site of pUCS. This plasmid contains the P ele-
ment transcription unit lacking the third intron, under
the control of the hsp70 promoter. Its expression in the
soma of an M-strain embryo results in the mobilization
of P from pISP-2 (O’Brochta and Handler 1988).

phstA148: This plasmid was derived from phsr by
creating a 148 bp deletion in the hsp70 fragment remov-
ing 117 bp of the 5" promoter sequence, including the
TATA-like region, and the first 31 bp of the adjacent
transcriptional unit. The deletion was created by digest-
ing phst with Nrul, 31 bp 3’ to the hsp70 transcription
initiation site, followed by Ba/31 digestion and religation.
Reaction conditions and sequence analysis were similar
to those described by Sambrook et al. (1989). P element
transcripts could not be detected in embryos in which
phstA148 was transiently expressed (Fig. 1).

pKmAcc: This plasmid was constructed by isolating
the 2.4 kb Accl fragment from phsr, filling-in the result-
ing terminal 5 overhang and inserting it into the Hincil
site of pK 19 (Pridmore 1987). Accl cuts the P element at
position 52, within the TATACA sequence approximate-
ly 35 bp 5’ to the transcription initiation site (O’Hare and



Rubin 1983; Karess and Rubin 1984), and at position
2411 in the middle of ORF3 (O’Hare and Rubin 1983).
The Accl fragment does not contain the P element termi-
nal inverted repeats and lacks most of the putative pro-
moter region.

pCarnegie 4: This P element transformation vector
was constructed by Rubin and Spradling (1983) and
contains the intact P element termini and flanking white
gene sequences, however, most of the transcription unit
has been eliminated.

P element repressor assay. The in vivo P repressor assay
used in this study is a modification of the P excision assay
described by O’Brochta and Handler (1988) and is illus-
trated in Fig. 2. Briefly, the assay involves the transient
expression of plasmids in insect embryos, which allows
the excision activity of P element sequences to be mon-
itored. The plasmids include a P element excision indica-
tor plasmid (pISP-2) used to report P mobilization, a
plasmid encoding somatically active transposase
(pUChsnA2-3), and a plasmid encoding a putative re-
pressor. All three plasmids were injected into Adh M
strain embryos, whereas the host strain P/ry"A2-3/-
(99B), which has a stable chromosomal integration of
the somatically active transposase gene, was only injected
with pISP-2 and repressor. Plasmids (approximately 108
at a DNA concentration of 1 mg/ml) were injected into
preblastoderm embryos which were allowed to develop
for 18 to 24 h at 24° C, up to the end of embryogenesis,
whereupon the embryos were heat shocked at 37° C and
plasmid DNA was recovered. P excision from pISP-2
was monitored as a function of restoration of lacZa
complementing ability. Ten embryo equivalents of low
molecular weight DNA were used to transform 0.2 ml of
transformation-competent DHS50  Escherichia  coli
(Hanahan 1983). Transformants were plated on LB
plates containing ampicillin (75 pg/ml) and 5-bromo-4-
chloro-3-indolyl-B-D-galactopyranoside (X-gal; 40 ug/
ml). One to five thousand ampicillin-resistant transfor-
mants per embryo-equivalent of low molecular weight
DNA were recovered. Recovery of pISP-2 plasmids
from injected embryos, and introduction of these plas-
mids into DHS5a, permitted transformants containing
pISP-2 plasmids that lacked the P element as a result of
prceisc or ncarly precise cxcision, to be detected as
LacZ™ (blue) colonies on X-gal-containing indicator
plates, due to restoration of the lacZa reading frame.

Data and analysis. Excision frequencies were computed
by dividing the number of LacZ* colonies by the total
number of pISP-2 plasmids screened (0.9 x ampicillin-
resistant LacZ® and LacZ ™ colonies). Final excision
frequencies were calculated from the mean 4 standard
deviation (SD) of weighted frequencies from three to five
replicate injection experiments for each plasmid con-
centration(s) tested. Frequencies were weighted to reflect
the differences in the number of plasmids screened in
cach replicate experiment.

RNA analysis. Total RNA was isolated from uninjected
Adh M strain embryos or embryos injected with either
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Fig. 2. Diagram of the P element repressor assay. The pUChsnA2-3
transposase helper plasmid was only injected into Adh M strain
embryos. Precise excision refers to those precise or imprecise ex-
cision events which result in restoration of the [B-galactosidase
(lacZo) reading frame. Imprecise excision refers to only imprecise
events which do not restore the reading frame. See Matcrials and
methods for details

phsw or phsnA148 plasmid (500 pg/ml), which were heat-
shocked prior to isolation. RNA was size-fractionated by
agarose gel electrophoresis under denaturing conditions
and transferred to nitrocellulose. The filter-bound RNA
was hybridized to a uniformly 32P-labelled P-element
probe consisting of a 700 nucleotide antisense RNA
complementary to the transposasc ORF 0 and a portion
of ORF 1.

Results

P mobility catalyzed by chromosomal and
plasmid-encoded transposase

Robertson et al. (1988) used the hypermutable sn™ allele
to demonstrate that flies of the strain P/ry*A2-3](99B)
had endogenous levels of functional transposase in the
germline comparable to that found in a strong P strain.
Furthermore they detected mosaic patches of sn™ and sn°
bristles in sn¥, ry°°® males containing Pry*tA2-3(99B),
indicating that somatically active transposasec was
produced. Figure 3A shows that functional transposase
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Fig. 3A, B. Excision frequencies (mean+SD) in (A) P/ry*A2-3]-
(99B) embryos injected with 500 pug/ml pISP-2 and indicated con-
centrations of phsr, and (B) Adh/*23 cn; ry3%6 M strain embryos
injected with 500 pg/ml pUChsnA2~-3 and pISP-2, and indicated
concentrations of phsn. Higher concentrations of phsn tested in
both strains (up to 500 pg/ml phsn) yielded no excision events.
Excision frequencies represent the accumulated data from 3 to 5
separate injection experiments with 4-10 x 105 pISP-2 plasmids
screened in total for each data point

is also produced in the embryonic soma of
P[ry*A2-3](99B). Injection of the plasmid pISP-2 (at
500 pg/ml; zero concentration phsn) and subsequent
plasmid isolation 24 h later resulted in the recovery of P
element excision products at a frequency of 0.74 x 1073,

Similar experiments in which M strain embryos (4dh)
were injected with pISP-2 (500 pg/ml) and the
pUChsnA2-3 plasmid (500 pg/ml) resulted in a frequency
of excision of 1.33 x 102 (Figs. 3B and 4), similar to that
achieved previously (1.7 x 10~3; O’Brochta and Handler
1988), but approximately two-fold higher than that ob-
served in the strain P/ry*A2-3](99B). The differences
in excision frequency observed between these two experi-
ments may reflect quantitative differences in transposase
transcriptional activity between the plasmid-borne
hstA2-3 gene, and the chromosomal copy of nA2-3
which is not under hsp70 promoter control, as well as the
large number of transposase genes provided by plasmid
injection.

Repression by the somatic expression of phsn

The plasmid phsn contains the entire P element transcrip-
tion unit under hsp70 promoter control which resulted
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Fig. 4. Excision frequencies (mean+ SD) after injection and tran-
sient expression of the indicated plasmids in the M strain 4dhM23
cn; ry396. The number (in thousands) of pISP-2 plasmids screened
from 3 to 5 separate injection experiments are given below the bars.
Plasmid concentrations in all experiments for pISP-2 and phsntA2-3
was 500 pg/ml. Other plasmids injected are listed with their injected
concentration

in the production and accumulation of 2.8 kb transcripts
in the soma (Fig. 1). These incompletely processed tran-
scripts presumably contain the third intron and encode
a 66 kD protein resembling P transposase, but which is
incapable of mediating the mobilization of P (Laski et al.
1986; Rio et al. 1986; Misra and Rio 1990). Injection of
P[ry*A2-3](99B) with the indicator plasmid pISP-2
(500 pg/ml) and the putative repressor-encoding plasmid
phsm at concentrations ranging from 0.2 to 500 pg/ml
reduced the frequency of excision in a concentration-
dependent manner (Fig. 3A). A significant level of re-
pression (0.31 x 1073 excision frequency) was observed
at the lowest phsn concentration tested (0.2 pg/ml), with
a basal level of repression (greater than a 10-fold decrease
in excision) achieved between approximately 10 and
18 pg/ml phsr. Maximal repression (no excision) was ob-
served at input concentrations of 62 pg/ml phsr and higher.

The repressor properties of phst were also demon-
strated following the coinjection of Adh M strain em-
bryos with the excision indicator pISP-2, the helper plas-
mid pUChsnA2-3, and the putative repressor phsn. As
with Pf/ry*A2-3](99B), repression was concentration
dependent with a rapid decrease in excision activity at
relatively low levels of phsm (Fig. 3B). Despite the
presumed higher level of transposase due to the heat
shock promoter and the large number of genes injected,
the effective concentrations of phsm necessary to reach a
basal level of repression, as well as full repression, were
similar to those observed in P/ry*A2-3](99B).

The dependence of repression on phsn transcription
was determined by deletion of the phsn promoter region.
Two plasmids, phstA148 and pKnAcc, were created
which had undetectable levels of transcription (Fig. 1;
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Fig. 5. Excision frequencies (mean+ SD) in P/ryTA2-3](99B) em-
bryos injected with 500 pg/ml pISP-2 and indicated concentrations
of pCarnegie4. Excision frequencies represent the accumulated data
from at least three separate injection experiments with 5-10 x 104
pISP-2 plasmids screened in total for each data point

data not shown for pKrAcc). Testing of these plasmids
at two different concentrations revealed no repressor
activity compared to the same concentrations of phsn
(Fig. 4) indicating that phsn transcription was required
for maximum repression of P element excision. These
experiments also serve as a control for possible inhibition
of P excision due to high DNA concentrations injected
or non-promoter phszt sequences.

Repression by P terminal sequences

The reduced levels of P excision observed in certain
strains of D. melanogaster carrying numerous copies of
defective P elements has been suggested to result from the
binding and titration of available transposase by nonau-
tonomous P elements (Simmons and Bucholz 1985). To
directly test this model P excision was monitored in
P[ry*A2-3](99B) embryos following the injection of
the pISP-2 indicator plasmid and pCarnegie4 plasmids,
which contain only the terminal sequences of P with the
presumed transposase binding sites. In this experiment
excision frequencies decreased in a concentration-depen-
dent manner, with 50% repression occurring at 100 pg/ml
pCarnegic4, and basal levels of excision being reached at
approximately 200 ug/ml (Fig. 5). Whereas phst com-
pletely repressed P excision at concentrations above
62 pg/ml, complete repression was not observed with
pCarnegie4 concentrations as high as 1 mg/ml.

Discussion

Transposable elements are dynamic components of
genomes whose movement can effect the fitness of an
organism and provide a source of variation (Berg and
Howe 1989). In addition, they can also be used as vectors
to introduce DNA into a genome (Rubin and Spradling
1982). Understanding the mechanisms responsible for
regulating transposable element movement is critical to
understanding the evolution of genomes that contain
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transposons, and to the development of transposon-
derived insect gene vectors that are phylogenetically
unrestricted (O’Brochta and Handler 1988 ; Handler and
O’Brochta 1991). This study presents evidence which
supports two models of negative regulation on P mobility
— the effects of a truncated somatic product of the trans-
posase gene and transposase terminal sequences remain-
ing in nonfunctional P elements. These studies also reveal
an approximate quantitative relationship among the fac-
tors involved.

Repression by a truncated translational product of P

Genetic analysis of hybrid dysgenesis in D. melanogaster
has suggested that P factors encode a negative regulator
as well as a positively-acting transposase. This was based
on the observation that a P cytotype developed when
P-containing chromosomes were introduced into an M
strain (Engels 1979; Kidwell 1981) and disappeared when
P-containing chromosomes were removed (Sved 1987).
Unfortunately the isolation and sequencing of autono-
mous P elements yielded few clues as to the nature of the
P repressor because it appeared that there was only a
single transcription unit including four ORFs, all of
which are required for the mobility of P (O’Hare and
Rubin 1983). Sequence analysis revealed a region of the
transposase gene resembling a DNA-binding domain
and it was suggested that the 66 kD protein, produced
as a result of incomplete processing of the primary tran-
script, and containing the binding region, might function
as a negative regulator (Rio et al. 1986).

Some evidence for the biochemical role of the 66 kD
protein and other products of modified P elements in the
regulatory process has been reported. Sakoyama et al.
(1985) reported the existence of a Q strain (a strain with
a repressive cytotype but incapable of inducing hybrid
dysgenesis) which appeared to lack complete P elements.
However, the structure of the elements responsible for
the repressive cytotype in this strain were not identified.

Nitasaka et al. (1987) correlated the existence of a P
cytotype with the presence of a defective P element con-
taining a deletion between positions 1991 and 2448
(O’Hare and Rubin 1983), removing a portion of the
third intron and half of the fourth open reading frame.
Based on the structure of this element, it was predicted
that it would result in the production of a protein identi-
cal to the transposase-like 66 kD protein produced in the
soma plus an additional six amino acids. The authors
concluded that the fourth open reading frame (ORF 3)
was unnecessary for the suppression of P mobility and
that a single copy of the A1991-2448 P element could
completely repress transposase activity. More recent ev-
idence indicates that the repressor properties of this ele-
ment were not tested in isolation from other elements,
suggesting that other deletion derivatives of P are in-
volved in the determination of P cytotype (Nitasaka and
Yamazaki 1991).

Black et al. (1987) reported the identification of
another repressor-encoding P element in which nucleo-
tides 808-2560 are deleted. This element (KP), which
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produces a 0.8 kb poly(A)* RNA transcript, was cor-
related with the repression oberved in certain M’ strains.
As with the element described by Nitasaka et al. (1987),
the repressor properties of KP have not been tested in
isolation from other P elements.

Finally, Robertson and Engels (1989) and Misra and
Rio (1990) have identified modified P elements that en-
code repressors of P mobility. Robertson and Engels
(1989) found two elements, the first containing a
frameshift mutation at the Sa/l site in the fourth open
reading frame and the second containing a mutation in
the 3’ splice junction of intron II1. When expressed in the
soma, both elements were expected to produce the usual
66 kD somatic transposase product. Depending on their
genomic location, both elements repressed somatic P
mobility (Robertson and Engels 1989). Similarly, Misra
and Rio (1990) tested the ability of a P element, contain-
ing a deletion which removed half of the third intron and
the fourth open reading frame, to repress P mobility in
the germline and soma. As observed by Robertson and
Engels (1989), this element was expected to produce the
66 kD product. While repression was detected, the level
observed appeared to be a function of the genomic loca-
tion of the repressor.

In this study a transient in vivo P element excision
assay involving the coinjection and expression of a P
excision indicator plasmid, a plasmid or chromosomal
gene encoding somatically active transposase, and a plas-
mid encoding a putative repressor, was used to test di-
rectly the regulatory properties of a variety of P element-
derived plasmids. The assay permitted the testing of
putative repressor-encoding plasmids in isolation from
other elements and independent of their genomic loca-
tion. The results demonstrated that somatic expression
of the transposase gene encoded by phsn resulted in the
repression of P mobility. We found that the level of
repression was dependent on the concentration of phsn
initially injected and maximal repression was transcrip-
tion dependent. The level of injected phsn that was effec-
tive in significantly repressing P mobility (80% repression
with 2 pg/ml phsn) in the M strain was 250-fold lower
than the injected concentration of the transposase-
encoding helper plasmid pUChsntA2-3 (500 pg/ml). If
repression is occurring due to the truncated transposase
molecule having a P binding domain which competes for
binding with the functional molecule, then a higher bind-
ing affinity or a non-competitive binding mode may be
inferred for the repressor. Experiments designed to mea-
sure directly the amounts of repressor and transposase in
cells in which P mobility has been repressed are needed
to resolve this possibility definitively.

Recent biochemical and genetic evidence indicate that
both the complete 87 kDa transposase product (Kauf-
man and Rio 1991), as well as truncated transposase
products (Lemaitre and Coen 1991), have a negative
influence on transposase transcription. This is presum-
ably due to the proximity of the transposase and RNA
polymerase complex binding sites. In our experiments
with P/ry*A2-3](99B), which has a normal P promoter,
we cannot rule out the possibility that the transposase
products inhibited normal transposase transcription.

This possibility is less likely in experiments with
pUChsnA2-3 where regulation by the transposase pro-
moter is superseded by the heat-shock promoter, whose
RNA polymerase complex binding site is approximately
250 bp a way from the transposase binding site. Never-
theless, the formal possibility exists that downstream
transposase binding influences heat shock driven tran-
scription in this construct.

Repression by titration of transposase by P termini

An alternative model of P regulation has been proposed
which does not require a P-encoded regulator. Simmons
and Bucholz (1985) suggested that nonautonomous P
elements could repress P mobility by binding available
transposase, thereby lowering the concentration of trans-
posase available for interaction with functional P ele-
ments. Our data supports the notion that P termini can
repress P mobility, although repression by pCarnegie4
was considerably less efficient than that associated with
the truncated transposase molecule. Fifty per cent re-
pression by pCarnegie4 in the P/ry*A2-3](99B) strain
required an approximately 500-fold higher concentration
of plasmid relative to phsm. While our data does not
directly specify mechanisms, apparently the two repres-
sor molecules are acting in different ways.

Regulation of P mobility

The regulation of P mobility is under multiple levels of
control, the molecular details of which are beginning to
be elucidated. P element derivatives containing either
internal deletions or mutations that truncate transposase
transcripts or proteins result in the repression of P mobil-
ity. In this study incompletely processed transposase
transcripts, normally produced in the soma of strains
containing complete elements, were also able to repress
P mobility. While repressors have been identified, none
have been shown to be respounsible for all of the charac-
teristics of a P cytotype, indicating that other important
aspects of P regulation remain to be elucidated. For
example, P cytotype may only arise when certain com-
binations of repressor-producing elements are present. In
several studies, following the introduction of a single
autonomous P element into an otherwise P-free M strain,
it was found that P cytotype was usually slow to develop
and rarely was the switch from M to P cytotype abrupt
(Daniels et al. 1987; Kidwell et al. 1988; Preston and
Engels 1989). The delay in the development of a P cyto-
type was expected considering that the regulator has to
arise de novo, however, the absence of an abrupt switch
in cytotype suggests that multiple elements may be in-
volved. Consistent with these observations, we found
repression to be dose-dependent, although the concentra-
tion of repressor required to influence P excision nega-
tively was significantly less than the concentration of
transposase.

In addition to transcription-dependent repression, a
reduction in P excision was also observed in the presence



of P termini suggesting that a titration-like effect as
described by Simmons and Bucholz (1985) may be in-
volved. The relatively low rate of repression and inability
to repress P excision fully by P termini might indicate
that competing sites for transposase binding do not by
themselves result in P cytotype.
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